ABSTRACT The present study was conducted to investigate whether or not protein synthesis in tissues and in the whole body of laying hens would be affected by the position of an ovum passing along the oviduct during egg formation. Protein synthesis in tissues was measured in vivo by a primed-continuous infusion of [ "N]methionine for 3 h, finishing at the time when an ovum would have stayed at one of the segments within the oviduct, i.e., infundibulum, magnum, isthmus, uterus, or vagina. The dissection of the entire oviduct immediately after the isotope infusion confirmed whether or not the ovum was in the expected position. Whole-body protein synthesis, estimated from plateau enrichment of free [
INTRODUCTION
In laying hens, the magnum (a portion of the oviduct) is generally known as the formation site for egg albumen protein (Smith et ai, 1957) . Albumen protein is rapidly formed in the magnum during the intervals between the passage of successive ova (Conrad and Scott, 1942; Mandeles and Ducay, 1962) . Smith et al. (1959) suggested that approximately 45% of egg albumen protein is made just as an ovum passes through the magnum, based on their measurements of the volume difference in the magnum observed from .5 to 4.0 h after ovulation. However, these changes may largely reflect die secretion of egg albumen protein into the lumen rather than its synthesis. Previously, protein synthesis in various tissues of laying hens during the egg-formation cycle has not been measured in vivo.
Recendy, Muramatsu et al. (1987a,b) developed a method for measuring protein synthesis in vivo in the tissues and the whole body of laying hens by a primed-continuous infusion of stable isotopes in combination with subsequent 'Financial support was provided by a grant-in-aid. No. 62480082, for Scientific Research from the Ministry of Education, Science, and Culture, Japan.
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analyses of enrichment with a gas-chromatograph mass spectrometer. The method can be used to determine protein kinetics in tissue of interest in vivo. For laying hens, both the liver and oviduct had faster fractional rates of protein synthesis (percentage per day) man any other tissues measured (Hiramoto et al., unpublished data) . However, because of the rapid formation of egg albumen, protein synthesis in tissue such as that in the oviduct might fluctuate substantially during the egg-formation cycle. On the other hand, the synthesis of liver protein might remain constant throughout the egg-formation cycle. Redshaw and Follett (1972) demonstrated that the concentration of lipovitellin, a major protein in the egg yolk, in plasma did not vary throughout the day.
The present study was conducted to investigate whether or not protein synthesis in tissues and in the whole body of laying hens would be affected by the position of an ovum passing along the oviduct during egg formation.
MATERIALS AND METHODS

Animals
The laying hens used were Single Comb White Leghorns 12 mo of age and weighing 1.57 ± .24 (SD) kg and having an egg-production rate of 90% on the average. The hens were housed individually in cages in an air-conditioned room at 25 C with a lighting period of 14 h per day. They were maintained on a commercial layer diet (Marubeni Shiryo Ltd., Tokyo, Japan) with 15.5% CP and 2,900 kcal of ME/kg.
Before measuring protein synthesis, the oviposition times of individual hens were recorded for 2 wk so that the expected position of the ovum within the oviduct could be estimated at the end of isotope infusion. Whether or not the ovum was in the expected position was confirmed by dissecting the entire oviduct immediately after the isotope infusion.
At 3 h before the appropriate time when an ovum would have stayed approximately at the mid-point in one of the oviduct segments, sterile polyethylene cannulas were inserted into veins of both the left and right wings, followed by a 3-h, primed-intravenous infusion of DL-[
15 N]methionine. Blood-sampling was done each hour. The blood samples were centrifuged at 1,800 x g for 10 min in order to separate the plasma fraction, which was subsequendy deproteinized with 5 vol of 1% (wt/vol) of picric acid. The deproteinized samples were stored at -20 C until analyzed. The details of die infusion method are described elsewhere (Muramatsu et al., 1987a,b) . At the end of die infusion period, die hen was killed; then die liver, the entire oviduct, a piece of skin around the leg muscle (Af. biceps femoris), the breast muscle (Af. pectoralis superficialis), the leg muscle (Af. biceps femoris), the gizzard plus the proventriculus, and the entire intestine were removed quickly, weighed, and frozen by plunging them into liquid N2. The tissue samples were stored at -20 C until analysis. The values designated as skin covering the whole body were extrapolated from the ratios of a specific area to the whole body. Those ratios were determined in a preliminary experiment using laying hens with similar body weights. In the same manner, the values designed as breast or leg muscle were derived from the ratios of corresponding, specific muscles to the entire breast or leg muscle, ratios also determined in the preliminary experiment.
Chemical Analysis
The picric acid in the deproteinized plasma was removed by passing the samples through a column of the CI" form of Dowex 2-X8 (Muromachi Kagaku Kogyo Ltd., Tokyo, Japan). The effluent was dried under reduced pressure at 50 C. Free amino acids in plasma were derivatized to form n-trifluoro-acetyl nbutyl amino acid (TFA) esters according to the method of Gehrke et al. (1968) . The samples of amino acid in free and protein fractions were derivatized in a similar fashion. The preparation of amino acid samples in tissues for enrichment determination has been described in detail by Muramatsu et al. (1987b,c) .
The isotope abundance in the TFA esters thus obtained was analyzed by using a computercontrolled, selected-ion-monitoring, gas-chromatograph mass spectrometer (Model QP-1,000, Shimadzu Corp., Kyoto, Japan). The analytical conditions of the [
15 N]methionine were as follows: column, .5% ethylene glycol adipate on chromosorb W (AW 80-100 mesh) packed in a glass column with an internal diameter of 2.6 mm and 3,000 mm long; carrier gas, helium at a flow rate of 30 mL/min; column temperature, 170 C; separator temperature, 250 C; ion-source temperature, 250 C; ionizing voltage, 70 eV; mass numbers of fragment ions, m + z = 228 and 229.
Tissue nitrogen was determined by the Kjeldahl method (Hawk et al., 1954) . Tissue protein was calculated as N times 6.25. For tissue RNA analysis, modified Schmidt-Thaunhauser method as described by Munro and Fleck (1969) was used.
Calculation
Methionine flux (milligrams per 3 h) was calculated according to the equation of Conway et al. (1980) with modifications as previously described given by Muramatsu et al. (1987b) . The methionine flux was converted into wholebody protein flux (milligrams per day) based on the assumption that methionine would account for 1.8% of the body protein in chickens (Scott et al., 1982) . The calculation for the fractional rate of protein synthesis was done as described previously by Muramatsu et al. (1987b) .
Since the DL-enatiomer of [ 15 N]methionine was used as a tracer, the values for protein synthesis were underestimated; so adequate correction, varying from one tissue to another probably due to differences in the stereoselection or oxidation of D-methionine, had to be made (Hiramoto et al., 1989) . The correction factors derived from differences in fractional synthesis rates of tissue or whole-body protein (estimated by using L-and DL-[
15 N]methionine) were as follows: whole body, 1.44; liver, 1.12; oviduct, 1.06; proventriculus plus gizzard, 1.13; intestine, 1.07; skin, 1.56; breast muscle, 1.17; leg muscle, 1.11 (Hiramoto et al., 1989) .
Statistical Analysis
The data were subjected to a one-way analysis of variance (Snedecor and Cochran, 1980) . The significance of differences between means was assessed by using Duncan's multiple range test (Duncan, 1955) .
RESULTS
Changes in the protein and RNA contents of various tissues are given in Table 1 . To see how the values in tissues excluding the liver and oviduct that are related to the formation of egg protein would fluctuate in relation to the location of the ovum along the oviduct, the sum for tissues other than the liver and oviduct (the proventriculus plus gizzard, intestine, skin, breast muscle, and leg muscle) was also determined. No significant difference in protein content was detected in any tissues or in the sum except for the oviduct in relation to the location of an ovum. Protein content in the oviduct was significandy (P<.05) reduced when an ovum moved from the magnum to the isthmus. The RNA content in the oviduct was highest when an ovum existed in the magnum, gradually decreasing as an ovum moved from the isthmus to the vagina. No significant changes in RNA contents were observed for the liver, breast muscle, leg muscle, and the sum of tissues other than liver and oviduct. The RNA content in the proventriculus plus gizzard was highest when an ovum was in the vagina. The RNA in the intestine gradually decreased as an ovum passed from the infundibulum to die isthmus, and increased as the ovum passed from the isthmus to the vagina. The RNA in the skin was higher when an ovum was in the uterus than when an ovum was in the infundibulum or the isthmus. Table 2 shows die changes in protein synthesis and protein synthesis per unit of RNA in various tissues, in the sum of tissues other man the liver and oviduct, and in the whole body in relation to the location of an ovum. Whole-body protein synthesis showed no significant fluctuations in relation to the location of an ovum. In the oviduct, protein synthesis was highest when an ovum was in the magnum. In the skin, a significant increase in protein synthesis was detected when an ovum moved down the oviduct from the infundibulum and magnum to the isthmus. In the liver and in the rest of tissues, protein synthesis was not significantly changed as an ovum passed along the oviduct. Protein synthesis per unit of RNA showed no significant fluctuations in the proventriculus plus gizzard or in the breast and leg muscles in relation to the location of an ovum (Table 2) . In the oviduct, protein synthesis per unit of RNA followed a pattern similar to that for protein synthesis, being the highest when an ovum was in the magnum. The values for protein synthesis per unit of RNA in the skin and in the sum of the tissues (other than the liver and oviduct) were significantly higher when an ovum was in the isthmus compared with the rest of the segments. In the intestine, the value for protein synthesis per unit of RNA was significantly higher when an ovum was in the isthmus than when it was in the vagina. Protein synthesis in the liver per unit of RNA was fairly constant and was not significantly changed in relation to the location of an ovum.
DISCUSSION
The results from the present study clearly showed that protein synthesis in the oviduct varied substantially as an ovum passed along the oviduct: a sharp increase was found when the ovum was in the magnum portion, followed by an immediate decrease at the isthmus portion and by a further reduction to the initial level when an ovum was at the uterus and the vagina ( Table 2 ). The increased protein synthesis when an ovum was in the magnum probably reflects the enhanced synthesis of egg albumen, the secreted protein.
Among the possible factors responsible for the changes observed in protein synthesis, alterations of hormonal status would be important as well as direct mechanical stimulation caused by an ovum and reactions mediated by chemical activators from an ovum and by neurons. Estrogen increases the synthesis of ovalbumin, conalbumin, ovomucoid, and lysozyme (Palmiter, 1972a) ; progesterone induces avidin synthesis (O'Malley, 1967) . Seaver et al. (1980) reported that both estrogen and progesterone induced an increase in the protein synthesis in egg whites. Detailed studies revealed that these steroid hormones increased the level of mRNA coding for the corresponding egg-white proteins (Palmiter, 1973) and enhanced the subsequent translation by increasing the rate of initiation (Palmiter, 1972b) or of elongation (Rhoads, 1975) .
The involvement of these steroid hormones in the observed alterations of protein synthesis in the oviduct may be supported by the fact that the plasma levels of estrogen and progesterone fluctuate within the ovulation cycle; after the surge of luteinizing hormone about 6 to 8 h before the ovulation, the level of plasma estrogen and progesterone increases, but with certain delays (Furr et al., 1973; Shodono et al., 1975; Johnson and van Tienhoven, 1980; Tanabe et al, 1980) . The increase in the steroid hormone level in plasma just before ovulation might result in an elevated level of protein synthesis. Since a sharp induction of protein synthesis in the oviduct was detected when the ovum was in the magnum portion (Table 2) , the corresponding time for induced protein synthesis could be within a few hours after ovulation. Therefore, the time lag between the elevation in the plasma level of steroid hormones and the enhanced protein synthesis in the oviduct might reflect the interval necessary for a series of biochemical reactions to lead to the induction of protein synthesis in egg albumen.
By contrast with the oviduct, protein synthesis in liver, a major site of yolk-protein synthesis (Deeley et al., 1975) , was not significantly affected by the position of an ovum along the oviduct, in spite of the fact that protein synthesis in the egg yolk is also under estrogen control (Shapiro et al, 1976; Ryffel, 1978) . However, the consistency of protein synthesis in the liver observed in the present study agrees with the findings of Green and Tata (1976) , who demonstrated that the synthesis of vitellogenin (the precursor of lipovitellin and phosvitin) was constant as long as the concentration of plasma estrogen was maintained above a certain level. Alternatively the contribution of yolk protein synthesis in the yolk to the total protein synthesis in the liver might be too small to show any variations.
In the sum of tissues (other than liver and oviduct), protein synthesis per unit of RNA was reduced when an ovum was in the magnum, but immediately increased when an ovum passed from the magnum to isthmus (Table 2) . No significant change in protein synthesis was detected in the sum of these tissues when synthesis was expressed per tissue. The reduced protein synthesis per unit of RNA in other tissues not related to the formation of egg protein might facilitate the increase in oviduct protein synthesis by supplying more amino acids to the oviduct at this stage of egg formation. Thus, when oviduct protein synthesis increases, protein synthesis in other tissues except for the liver and oviduct may decrease, and vice versa. The data on protein synthesis per unit of RNA suggest that protein synthesis may be increased in other tissues, but that this was not the case when protein synthesis was expressed per tissue. Reversed interorgan changes in protein synthesis may account for the ovum position not affecting whole-body protein synthesis.
In the present investigation, the position of an ovum within the oviduct was predicted by recording the time of oviposition for 2 wk prior to the infusion experiment and was confirmed after the infusion by dissecting the ovum. Although dissection clarified the location of the ovum, the exact time the ovum had been retained in a particular portion of the oviduct is not known. Since the transit time at the sites other than the uterus was short with respect to the infusion period of 3 h, the estimates for protein synthesis were subject to the error arising from not being able to predict the exact location.
